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Spooifio  Sevorslble  Concentrnti  cm  of  Amino  Acids  in  E.  coli 

by 

Georges  V.  Cohen  and  Howard  V.  RicVenberg 

Introduction 

In  the  present  memoir,  vw  ere  describing  systems  whose  activity  is 
accomplished  by  ao cumulation  in  the  cells  of  Escherichia  ccli  of  certain 
exogenous  amino  acids.  These  systems  seen  to  control  the  ont  ranee  into 
cellulos  of  exogenous  anino  acids,  and  In  ocr.s oquar.co,  their  incorporation 
into  proteins.  On  the  contrary,  these  systems  seem  not  to  intervene  in 
the  metabolism  of  endogenous  amino  acids.  23y  their  kinetic  properties 
\  and  specificity,  these  systems  belong  to  those  which  iticJtcnberg,  Cohen 

end  licnod  doscribe  elsewhere  (15)  and  which  control  the  penetr.  tion  of 
j-galactos  ides  in  Escherichia  coli.  Putting  these  observations  together 
conveys  an  experimental  confirmation  of  the  hypothesis  often  envisaged, 
that  certain  catalytic  systems  functionally  specifio,  distrinct.  from 
so-called  metabolic  enzymes,  control  penetration  of  certain  substrates 
into  the  cells. 

Certain  results  described  in  the  present  memoir  have  been 
published  in  the  ■f'orm  of  a  pre  li-iinary  r.oto  (li)  and  Written,  Rotor's 
and  Pi-cnch  (23)  have  also  recently  described  the  accumulation  of 
anino  acids  in  i.  coli.  V.e  shall  see  that  the  interpretation  given 
by  Pritten  ot  cl,  akin  to  that  of  our  preliminary  note,  v.es  entirely 
different  froij  that  which  we  propose  no  v.,  ur.d  cho.ld  to  u’o.r.dcned  . 
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Exp®  **i  mental  Part 

Stcok  Used.  --  Escherichia  ooli,  stock  K  122,  wild  tyre .  Yalino- 
Mflli'wit  mutant  of  X  12S,  isolated  by  Selection  on  valine  (4).  iiutants 
of  S.  coli  ex&ot  vdlire  (UL  328  f  ana  li-28-S2),  le>  otr.e  (liL  223  o), 
isolruoine  (U  97-21)  and  methionine  (aL  304  d). 

Radioactive  EL-vr.  lire. —  DL-valErr  4-4'-^C  vss  furnished  us  by  tlie 
Commissariat  of  Atomic  S'.erry  and  had  f.  specific  activity  of  1,33 
niliicarie  nor  millimolo.  Under  our  conditions  c-  count,  r.j,  later  defined, 
the  radioactivity  of  valine  o<*.r  res  ponds  to  10  *  imp  ul  s  e  s  -minute /r.oio  ”  “ , 
which  corresponds  to  an  efficiency  count  of  2,0  p.  ICO. 

Non-Radi oaotive  amino  acids  and  o *~h e r  substances. —  Racemic  and 
optically  active  amino  acids  cf  oo-irercial  origin  v.-erg  used.  V*l:  nnnide,, 
acids  a-amino-3-butylhoptanoique  (dibutylalarine),  a-aaiir.o-3-phcr.yl 
phenylpropricnique  { 3-3-diphenyl&Hnine),  a-am.ino-B-benzylohonylbutyrique 
(  3-J-dlbenzylalar.ine)  and  fi-methyltryptophane  have  beer,  synthesized 
b y  Dr.  J.  nnatoi,  Dent,  of  Organic  Chemistry  of  the  Ir.stitut  Pastcvr. 

The  suid  a-omino-a-nethylvalcrian  vas  riven  us  by  Dr.  K.A.  Krebs. 

Peptides  ••  re  furnished  by  Dr  s.  R.  0.  Roylir. ,  J .  V. .  Rinnan,  3.U.  fox, 

R.L.i..  Synge  and  J.  ?.  Greens  to  in. 


Culture  tedium.--  Stock  w-.c  transplanted  every  week  on  medium 
(P04K2K:  13, 66  j  SO  2  g,  SO^ig.  7KgO:  0,2  Zs  S04?o,  7K?0:  0,0005  g 

K.T.i  q.s.p.  pH  7,00;  double  distilled  i  ter  q.s.p.  1000  ml.).  To  the 
medium  vss  aided  succinrto  of  K  to  0,25  p.  100.  Ir.  certain  cases,  re 
used  stock  not  adapted  to  revth  on  S'-ccin'te;  glucose  v,"s  then  ended 
to  the  "odium  to  0,2  p.  100.  The  sane  syntactic  medium  v.as  use  ’  for 
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Experiment  cl  Technique. —  The  experiments  are  in  a  medium  a;  i tr  ted  vdth 
air.  A  oiutr.ro  cf  E.  cell  in  exponential  phase  is  diluted  by  medium  63  , 

A 

in  tho  presence  or  absence  of  “-methyltryptophar.e  (5-111/  5  x  10—  Ii. 

Imnsdia ’-cly  ? -ter  thermal  equilibration  (if  5-iIT  has  not  been  use d)  or  after 
thirty  ninuto s  (if  in  the  presence  of  o-hT),  one  adds  to  the  eul+.uro  the 
radioactive  valine  in  known  concentration  and  removes  after  a  given  time  a 
sample  of  5  ml  which  is  dram  through  a  cor.  trifuge  tube  previously  chilled.  * 
Centrifuge  at  0°0  at  18,000  t.p.n.  for  five  minutes;  eliminate  all  liquid 
floating  or.  the  surface  by  aspiration  with  a  Pasteur  pipette,  dry  tho  tube 
with  filter  paper  and  dissolve  the  bacterial  residua  with  1,5ml  of 
distilled  water.  V-hcn  it  has  ueer.  five  minutes  in  a  water  bath,  at  100°C, 
it  is  centrifuged  and  the  surface  liquid  is  decanted.  Experience  shows  that 
by  this  method  all  radioactivity  not  incorporated  in  the  proteins  is 
extracted  (that  is,  non-precipitable  by  trichloracetic  acid).  If  cr.e  riches 
to  study  the  influence  of  another  substance  cn  the  quantity  cf  valine 
previously  fixed,  one  adds  this  substance  to  the  culture  inraediately  after 
the  first  removal  and  takes  another  sample  after  a  giver,  time  of  contact; 
this  sampling  is  treated  below. 

Spread  3  ml  of  surface  liquid  (corro  pending  to  the  bacteria  contained  in 
1  ml  of  the  suspension  in  the  experiment)  on  small  aluminum  clips  15  mm  in 
diameter  and  3  mm  in  height,  dry  under  an  infrared  lamp,  and  determine  the 
radioactivity  with  the  aid  of  a  Geiger  c cur. ter.  The  background  noise  varies 

between  12  and  14  inpuls e s /ni nuts .  All  samplings  were  double  and  the  number 
cf  impulses  counted  for  each  .sampling  was  always  higher  than  1000.  In  the 
conditions  described,  there  vns  no  auto -absorption  and  the  impulses  counted  were 
proportionate  to  the  total  radioactivity  of  the  sample.  The  reproductibiiity 
was  better  than  5  p.  ICO.  Very  radioactive  sorp lea  were  diluted  so  that 
the  exposed  radioactivity  on  the  cup  represents  less  than  3000  imuv.li.ss/minuto. 
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V.rien  one  wishes  to  dotoriane  also  the  radioactivity  incorporated  in. 
insoluble  fern,  tho  residue  centrifuged  after  boiling  is  re-washed  and  put 
'..-air.  in  rusuoneion  in  l,o  ml  of  uis’cill.ec!  v.-ator,  of  which  0,3  ml  are  spruud 
double.  Tho  measured  radioactivity  corresponds  to  1  ml  of  the  original  cvlturo. 
This  represents  the  incorporation,  into  pretoins .  In  effect  Roberts  ot  si  (c) 
have  chov.n  that  exogenous  valir.e  contribvtos  only  tc  the  valine  and  lev c^r.e 
of  proteins  ar.d  is  not  incorporate. •.  in  nor.-pretein  fractions.  Ve  hove 
verified  that  the  radioactivity’’  of  the  spread  suspension  is  equal  to  that  cf  ■ 
the  corresponding  cold  trichloracetic  precipitate. 

For  an  interpretation  of  tho  results,  one  must  taieo  into  consideration 
the  fact  that  a  certain  fraction  of  mo  a  cured  radiation  ( contamination) 
corresponds  to  tho  quantity  of  valir.e  pres  Out  in  the  liquid  volume  constituted 
by  aqueous  space  (l)  of  bacteria,  plus  t>v  volume  of  interstitial  liquid  and 
the  voluiB  of  liquid  adhering  to  the  sides.  Vo  shall  sec  by  the  following 
that  tho  phenomenon  of  concentration  which  vre  are  going  to  describe  is 
suppressed  by  the  2— 4-dinit  rophen  o  1 .  One  can  then  ,  in  the  presence  of 
this  inhibitor,  determine  the  liquid  volume  corresponding  to  idiis 
oentaminat  i  ai .  Under  our  experimental  conditions,  our  results  show  that  t'.ic 
contamination  corresponds  tc  a  volume  -"mrying  bet'-son  0,001  and  0,005  ml. 

In  the  case  studied  here,  the  contamination  is  negligible  in  relation  to 
tho  pocific  fixation  just  as  the  external  concentration  of  DL-valine 
is  inferior  to  lC"“^il.  In  our  experiments,  ve  have  no^er  passed  this 
concentration  ond ,  as  a  consequence,  v.e  Imve  not  had  to  introduce  a 
correction  for  the  int  raoollulnr  c  nr.centration. 

-  The  oercontruti on  of  exogenous  valine  in  the  bacteria  being,  as  v;o 
shall  sec,  a  reversible  phenomenon,  the  quantity  of  intrabactcr; si  valir.e 
concentrated  is  a  function  of  concentration  in  the  external  itedium,  ar.d 
experiments  should  bo  made  in  conditions  v.hero  external  concentration  doc.. 


noc  vary  noticeab]  y .  it  v.*!>s  not  r.os  si  ole  to  operate  in  conditions  where 

tho  proportion  of  fixed  valine  was  negligible  in  relation  to  the  total  valine, 
tbe  necessary  ctrrecticn  vas  made  for  evaluat ion  of  actual  external  ceneentration. 

.  .  *  ; -X'i?* ■, i VT’«C> V'i i  •  • 

V.‘e  rocall  that  the  aqueous  snaco,  water  (3),  is  defined  as  the  volume  of 


bacteria  in  which  concentration  of  a  metabolite  is  identical  to  its 
concentration  in  external  medium 

The  optical  density  of  nicrobill  suspensions  is  determined  by  swans  of 
a  Hourier  eloctrophotometor  and  the  quantity  of  bacterial  nitrogen  per  ml 
is  calculated  with  the  aid  of  a  coefficient  of  ccr.vorsion  determined 
experimentally,  Likewise,  ths  number  of  bacteria  by  unit  of  volume  is  deducted 
from  the  optical  density,  also  by  moan6  of  a  coefficient  of  conversion  determined 
during  the  exponential  phase  and  correspondin'*  to  a  weight  of  7  x  10""^  ug 
per  average  bacteria, 

5-notliyltryptophane  has  been  used  in  a  certain  number  of  experiments 
so  as  to  permit  study  cf  the  kinetics  of  concentration  in  oonditions  whore 
the  total  capacity  of  ccr.  centration  per  unit  of  volume  remains  constant  in  the 
cotirse  of  growth  of  the  bacterial  mass.  In  effect,  if  one  adds  to  the 
cultures  of  E.  ooli  in  exponential  phase  of  growth,  5-UT  in  a  concent  ration 
of  5  x  10  ^U,  their  cptic  density  ccntinues  to  increase  (more  slowly  however 
than  in  normal  cultures),  but  thoir  oapacity  of  valino  concentration  remains 
constant  per  unit  of  volumo  of  culture,  as  we  shall  see  in  the  course 


of  the  work. 


"■  ;ults 


A.  Specific  rrvtrsible  intracellular  concentration  of  exogenous  L-valine 
Concentrat  i  .n  of  radioactive  L-valine.—  H^re  is  a  typical  experiment. 
Stock  K  12S,  Concentration  of  radioactive  DL-wxlinos  5  x  lO*”6^,  or 
250  impulses/ainute  ml  corresponding  to  isorer  L,  After  a  minute  cf  eorrtact 
at  37°C,  one  finds  115  Impulses  -minute  In  bacteria  bf  1  ml  of  culture,  which 
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roprosor.tod  a  weight  of  189  uol  or  a  humid  weight  1  nj  and  a  volume  of 

__T 

10  v  ml,  if  one  admits  that  baoteris.  have  a  density  of  1,  You  have  then 
realised  a  concentration  oft 


- -  .....  _  4t0  tlT’.OS 

2pn  »  ?0""5 

At  the  ccr.cor.t ration  of  valira  used,  tho  contaminate  n  is  aoout  0.6-3 
impulses -minute . 

Ti  io  n  e  cc  s  st  r; 1  for  maximum  ccr, oentr-t  : or.  of  L-val i  o .  --  If  the 
experiment  is  done  ir.  the  pros  nee  c:'  S-M'i,  vhich  in  hi -it  s  tac  growth  of 
the  total  capacity  of  concentration  in  tho  bacterial  mass  in  growth, 
ooncentrati  n  is  maximum  after  a  minute  of  contact  if  the  exneri;jent  is 
done  at  37°C.  If  tho  experiment  it  date  at  0°0,  about  twenty  minutes  is 
necessary  to  oot&in  the  maximum  concentration*  However,  the  absolute 
value  of  tho  maximum  concent r-ti on  at  the  two  temperatures  is  identical 
(ta.le  I).  In  tho  following,  the  time  cf  contact  chosen  lias  beon  for 
ore  minute  at  37°C. 


Proportionality  between  q\8.ntity  cf  bacteria  and  quart ity  of 
ocncart  rated  radioactive  L-valine.--  If  the  experiment  is  done  with  a 
sufficient  quantity  cf  valine  (5  x  10-"^  U  of  DA-valir.e),  the  concentrated 
rtadioaotivity  Is  strictly  proportional  to  the  quantity  of  bacteria  used, 
in  a  sore  ranging  from  3  to  30  ug  N  bnctaria/ml  (fi^.l),  V.o  snail  call 
specific  oapaoity  of  concentration  the  capaoity  of  concentration  by  unit 
of  bacterial  weight,  in  contrast  to  tho  total  capacity  of  concentration, 
defined  ac  the  oaracity  of  concentration  of  the  unit  of  volume  of  oulture. 

3alance  of  the  reaction.  Affinity  of  valine  for  bqctoria.  —  jy 
det.errj.ning  tKe  o  antity  of  valine  concentrated  as  a  function  cf  the 
quantity  of  external  valine,  one  obtains  a  curve  of  ty  pical  ads- rption. 

The  caps. city 


cf  maximal  concentration  of  the  system  ccr  ms  pends  to 
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3, 6  x  10  molecules  of  L-valine  per  average  bacteria  (eleven 
dndopondont  determinations,  tho  extrome  values  being  2,2  xl  10°  and 
5  x  10  molecules  por  bacteria).  It  is  reached  at  the^beg inning  of  an 
external  concentration  of  5  x  10“"5  K  of  L-valine.  (fig.  2) 

Tho  constant  of  dissociation  apparent  in  the  system  is  very  real:, 
by  order  of  XL-valine  =  3  x  lO-"^  (fig.  ?)•.  This  value  Ins  boon 
determined  in  correcting  the  values  of  external  concentrations  (table  II). 
In  of  feet,  for  tho  weak  concentrations  of  valine,  the  phenomenon  of 
intracellular  concentration  bov/s  perceptibly  to  tho  external  concentration. 
Tho  specific  capacity  of  cone  entire  ti  on  of  the  system  and  the  constant 
of  dissociation  aro  identical  for  the  wild  type  of  K  12  S  and  for  •  the 
valin e-res istarit  mutant. 

IVe  see  that  our  results  are  expressed  in  L-valine.  Vile  shall  see 
later,  in  effect,  that  only  L-valine  is  concontratod. 

Chromtographic  analysis  of  tho  extracted  material  by  boiling  of 
bacteria  having  concentration  of  valine  for  one  minute  shows  that 
this  material  consists  cnly  of  valine,  unaltered. 

Conditions  necessary  for  concentration.--  Specific  coaentrution 
of  L-valino  requires  a  souroe  of  energy. 

In  table  III,  we  s  eo  that  the  experiment  is  made  in  the  absence  of 
an  external  souroe  of  energy  (succinate),  the  specific  ocn centra tion 
is  reduced  by  71  p.  100.  If  the  experiment  is  done  in  the  presence 

—2  _T 

of  nitrite  of  sodium  1, 5  x  10  id  or  of  2-4  dinitrophenol  10  id,  the 
specific  concentration  is  redxicod  respectively  by  84  and  92  p.  100. 

If  cne  adds  nitride  to  a  culture  alre  ady  having  a  concentrate  of 
radioactive  vali  e,  ono  observes  a  sloe;  loss  of  valine  previously 
omeent rated:  after  thirty  rainuu.os,  the  bacteria  still  certain  44  p.  100 
of  the laline  which  they  had  concentrated  before  the  addition  of  nitride. 


Kirsch  and  Cohan  (5,6)  have  shown  that  L-ioucir.a  and  L-isoleucir.e,  analogous 
structurally  to  valine,  are  antagonists  of  thi3  amino  acid  in  ischorichiu  coli. 

If  one  adds  to  bactoria  having  already  a  concentrate  of  radioactive  valine 
some  leucine  or  isoleucine  in  sufficient  quantity,  the  valine  is  almost 
entirely  expelled  from  bacteria  in  one  minute  at  3?°C.  It  is  the  same  case 
with  nor leucine  (table  IV). 

a  quantitative  study  of  this  phenomenon  shows  th^t  the  relation 
antagonist  /  valine  necessary  to  obtain  a  doplu cement  of  >0  p.  100  of 
radioactive  valine  is  constant,  which  inoicates  a  competitive  reaction. 

In  consequence,  it  occurs  as  if  the  valine  were  concentrate,;  thanks  to  a 
system  by  which  leucine,  isoleucine  anu  no.-leucine  wouln  have  equal  affinity 
(tabic  V).  This  system  is  specific;  in  fact,  amino  acius  without  evident 
structural  relation  with  valine,  such  as  phenylalanine,  proiine,  threonine 
or  methionine  do  not  drive  out  the  valine  previously  concentrated,  or  eliminate 
only  a  weak  fraction  and  only  if  they  are  used  in  hign  concentration  (table  IV). 
,,'e  shall  later  discuss  the  question  of  kno^/ing  if  the  phenomenon  of 
concentration  is  due  to  stoichemistry  or  to  a  system  of  enzyme  properties 
not  intervening  as  catalysor.  For  tne  moment  we  shall  study  the  properties 
of  specificity  of  those  "acceptors"  without  prejudging  their  nature  or  their 
precise  function  in  the  system  of  concentration. 

Isoleucine  arm  loucir.e  are  the  most  effective  antagonists  (50  p.  100  of 
inhibition  for  a  ratio  antagonist/valine  -  0,5 — 1,0)  since  norleucir.e  is  much 
less  active  (50  p.  100  of  inhibition  for  a  ratio  nor  loucir.e/ valine  ^  10) . 

T.:e  radioactive  ..-valine  also  deplacos  the  radioactive  valine  previously 


concentrated. 


ihe  order  of  addition  is  absolutely  indifferent;  i coleucine,  for  example, 
exercises  the  same  effect  of  competition  v.'hether  it  has  been  added  before  or 
after  the  valine.  This  fact  indicates  that  the  specific iintracellular  .  '  ' ' 


.... 


concentration  is  a  reversible  process  (this  doe s  not  pr ejudice- the  r ever sibiU.'fcy 
or  not  of  different  reactions  which  may  constitute  it),  v.'hich  is  already  evident 

■  ’  ■  ?;‘i_ ;  4%  : 

from  the  fact  that  one  can  attain  a  measurable  balance.  ,J'f4. 

Only  the  composites  of  series  L  have  affinity  for  specific  acceptors: 
in  fact,  D-valine,  O-leucine  and  O-isoleucine  do  not  expel  the' radioactive 


valine  (table  VI);  from  this  it  is  deduced  that  in  our  experiments,  done  with 

■  •  $  §g  V:-', 

DL-valine,  only  the  isomere  L  is  concentrated,  which  justifies  that  our  results 

are  expressed  with  no  regard  for  L-valine.  ‘ 

The  substitution  of  the  amino  group  or  carboxyl  group  removes  the  affinity 

,  mm 

for  acceptors:  DL-N-monomethylvaline  and  Olr-valinand.de  do  not  deplace  the 


valine  previously  concentrated.  If  the  two  methyl  residues  of  the  isopropyle 

.*  ;  /'  &  r.  • 

■ '  -  f\lyy  $  u*  \8 

group  of  valine  are  replaced  by  the  residues  of  butyl,  phenyl  or  benzyl,  the 
affinity  also  disappears.  likewise,  the  acid  a-amino-a-methylvalerian  is 
deprived  of  affinity  (table  VI).  .  .  1 

In  summary,  only  the  composites  of  the  L  series  having . a , carboxyl  group 

■mM w5*#*7'-"  '  ' 

and  an  amino  group  not  substituted,  and  a  not  indi f f erent . configuration  of 
their  extreme  non-polarity,  present  affinity  for  the  system’  of  specific 
concentration  of  the  L-valine.  % 

■  ■  r’  ■  ■:  '  ■ 

Peptides  containing  valine,  leucine  and  isoleucine  have  practically  no 

,  !  Iji ' 

^  '  i  ■  »  "• 

affinity  for  the  specific  acceptors  of  L-valine,  which  corresponds  to  what"  has  •  , 
already  been  seen  with  valinamide.  The  most  active  of  those  which  have  been 
tried,  glycyl-L-isoleucine ,  provokes  only  an  inhibition  of  50  p.  100  for  a 

ratio  peptide/L-valine  =  100,  since  this  same  inhibition  in  the  case  of 

• 

L-isoleucine  is  obtained  for  a  ratio  L-isoleucine/L-valine=  0,5  —  1,0  (table  VII). 
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The  weak  inhibition  by  the  peptides  does  not  seem  elsewhere  to  have  a  j 

competitive  character,  elsewhere  the  effect  is  due  in  part  to  rapid  hydrolysis 
of  peptides  by  the  cultures  of  F.  eoli,  which  is  not  negligible,  even  in  a 
rr.inute.  Feptides  not  hydrolysed  (D-valyl-L-valine,  L-valyl-D-valine,  DL- 
valinaaicie)  are  absolutely  without  effect  (table  VII). 

Independence  between  specific  intracellular  concentration  of  valine  and 
synthesis  of  proteins. 

It  is  no.  necessary  to  have  synthesis  for  specific  concentration  to  take 
place,  as  is  shown  by  the  following  facts: 

Specific  concentration  of  the  valine  is  not  affected  by  the  absence  of  j 

i 

other  ard.no  acias:  for  example,  it  takes  place  in  a  nutar.t  requiring  methionine  i 

i 

as  well  in  the  absence  as  in  the  presence  of  methionine;  it  is  not  affected  j 

by  the  presence  of  analogous  structures,  such  as  A-  ana  p-methyltryptophane  i 

(table  VIII),  which  inhibit  synthesis  of  tryptophane  in  the  beginning  of  the  j 

indole  and  of  serine  (7,8)  or  3-2-thienylalanine  which  inhibits  utilisation 
of  phenylalanine  (9) .  Finally,  in  the  presence  of  chloramphenicol,  incorporation 
in  the  proteir.3  is  totally  suppressed,  but  the  specific  intracellular 
concentration  is  not  affected  (table  IX). 

The  specific  concentration  is  produced  much  more  rapidly  than  incorporation 
of  valine  in  the  protein  bacteria.  In  fact,  the  concentration  attains  its 
nanirruLT.  in  about  a  minute,  since  the  incorporation  is  still  negligible. 

If feet  of  weak  antagonistic  concentrations. 

among  the  sub-innibitive  concentrations  of  L-lcucine  and  L-isoleucine, 
observes  an  increase,  an  accord  witr.  tne  demonstration  without  i.'ihioitor , 
in  tne  quantity  of  u-v aline  reversibly  concentrateu;  unis  increase  becomes 
lose  important  ir.  proportion  as  the  antagonistic  concentrate  os-,  an  mere-:: no 


(table  V) .  Trd.s  rerarkable  pnenonenen,  for  v/nachwe  cur 
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the  growth  01'  mutants  requiring  valine,  as  we  shall  see  in  the  second  part  of 
teas  v.'o  m  • 

The  aggregate  of  observations  uiocussca  in  Table  a  shows  that  the  cells 
of  1.  coli  reversibly  concentrate  exogencou s  valine,  that  this  phenomenon  of 
concentration  causes  a  specific  system  ana  that  it  is  coupled  with  tr.o  energetic 
metabolism.  he  have  been  able  to  show  the  existence  of  an  analogous  phenomenon, 
and  in  consequence  of  systems  of  specific  concentration  for  methionine  (*^3), 
for  tyi'osine  (2  ^C).  and  for  phenylalanine  (3  (Table  X  ana  XI). 

In  the  second  part  of  this  work  ..o  -re  going  to  stu-y  the  correlation 
between  specific  reversions  intracellular  concentration  and  utilisation,  or 
the  effects  of  exogeneous  v-line,  leucine  ana  isoleucine  on  different  strains 
of  2.  coli. 

3.  —  Interpretation  of  the  affects  of  exogeneous  vulir.s,  leucine  and  isoleucine 
on  the  growth  of  2.  coli  K  12  3  and  or.  the  growth  of  cist  ants  of  £.  coli 
requiring  amino  acids. 

Case  of  valid  strain  £.  coli  K  12  3. 

he  know  that  the  growth  of  wild  strain  of  X.  coli  K  12  3  is  inhibited  by 
L-vaiine  and  re-established  by  L-isoleueinc  (10).  Umbarger  (11)  thinks  that 
the  extreme  sensibility  of  this  organism  to  L-valine  (a  concentration  of 
5  x  10  inhibits  growth  at  the  beginning  of  inoculum  of  10^'oactcri  i)  is  due 
to  the  fact  that  synthesis  of  isoleucine  in  this  organism  would  be  relatively 
slow.  He  supposes  that  the  limiting  reaction  in  this  synthesis  vould  be  very' 
ej.rly,  previous  ir.  any  case  to  the  stage  of  honoserine:  ir.  fact,  homoserine, 
threonine  ar.a  the  ocher  composites  implicated  as  precursors  of  isoleucine, 
arm  isolcucine  itself,  increase  notably  the  rate  of  growth  of  ..  12.  Cohen 
and  Hirsch  ^ notes  not  published)  have  snown  eiiectively  cmc  the  activity  oi 
the  synthesiting  horoserine  was  less  high  in  K  12  than  in  other  strains  of  a. 
coli . 
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However,  the  growth  of  K  12  S,  inhibited  by  valine,  can  also  be  re¬ 
established  by  L-leucine  (instead  of  L-isoleuoino)  in  a  competitive  manner 
(12),  as  we  have  already  verified. 

The  parallel  between  these  antagonism  and  those  which  reveal  specific 
reversible  fixation  is  remarkable :  the  rapport  isoleucine/valine,  necessary 
to  expel  50  p.  100  of  valine  and  to  re-establish  growth  of  50  p.  100,  is 
sensibly  the  same.  There  is  no  doubt  that  the  toxic  effect  of  valine  on 
growth  of  K  12  is  not  conditioned  by  its  specific  concentration.  It  is 
equally  evident  that  the  effect  of  isoleucine,  restoring  growth,  is  due 
to  its  antagonism  face-to-face  v&th  the  phenomenon  of  concentration, 
nevertheless,  it  must  be  supposed  that,  the  inhibitive  effect  of  valine, 
if  it  is  conditioned  by  concentration,  is  not, however,  an  inherent  consequence, 
since  the  valine-re  si  star.t  mutant  of  K  12  presents  the  phenomenon  of 
concentration,  in  conditions  identical  to  the  wild  valine-sensible  form. 

In  conclusion,  the  toxic  effect  of  valine  is  not  necessarily  linked  to  its 
antagonism  with  isoleucine. 

Case  of  auxotrophic  mutants  requiring  L-valine,  L-loucine  and  L-isoleucine 

Here  again,  antagonisms  revealed  by  growth  find  a  parallel  with  the 
phenomenon  of  concentration. 

Hirscn  and  Cohen  (6)  have  described  competitive  inhibition  of  growth  of 
the  strain  KL  328c  requiring  L-leucine  by  L-valine  and  L-isoleucine.  vie 
have  extended  these  observations  to  mutants  requiring  respectively  L-isoleucine 
( 1 .97-21)  and  L-valine  (KL  32S1  and  K  48-62)  for  growth. 

The  grovrth  of  mutant  97-21  is  competitively  inhibited  by  L-valine 
although  the  relation  L-valir.e/L-isoleucine  necessary  to  inhibit  growth  is 
much  higher  than  in  K  12  (table  ill). 

The  growth  of  mutants  :LL  328f  arm  !•:  43-62  is  competitively  inhibited  by 
L-leucine  and  L-isoleucine  (5)  ana  by  b^-nor leu cine. 
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The  growth  of  the  valine  resistant  mutant  of  K  123,  which  we  have 
isolated  by  selection  in  presence  of  valine  (4)  is  not  affected  by  valine  or 
isoleucine.  Figure  3  shows  that  the  rate  of  growth  is  identical  in  presence 
of  tnese  aiair.o  acids  or  in  their  absence. 

according  to  Roberts  et  al  (3),  if  one  cultivates  1.  coli  in  presence 
of  radioactive  valine,  95  p.  100  of  the  valine  incorporated  in  the  proteins 
arc  radioactive. 

..itn  the  v^air.  ^-resistant  mutant,  we  nave  ioHo’wea  tnc  growth  of  th e 
radioactivity  of  the  protein  as  ..'ell  as  the  increase  of  extractible  radio¬ 
activity  as  a  part  of  the  increase  of  the  bacteria!  mass,  in  a  culture  nade 
in  presence  of  radioactive  DL-valir.e  10  One  sees  (figure  4)  that  in 

these  conditions,  the  total  raoioactivity  incorporated  increases  linearly 
in  accordance  with  the  growth  of  the  bacterial  /mss.  The  slope  to  tr.e  right 
measures  t'ne  specific  radioactivity  of  the  valine  in  the  synthetized  proteins 
from  the  moment  of  the  addition. 

..hen  the  cultures  are  made  in  presence  of  growing  concentrations  of 
isoleucine,  the  specific  radioactivity  of  the  valine  in  the  proteins  diminishes 
until  it  is  almost  annulled,  (figure  4).  As  the  presence  or  absence  of  valine 
or  iscleucine  is  without  effect  on  the  growth  of  these  bacteria  (figure  3), 
it  is  not  probable  that  their  tenure  in  valine  varies  notably;  the  valine 
incorporated  in  presence  of  iso leucine  is  then  of  the  non-radioactive  valine 
synthesized  by  the  bacteria  at  the  beginning  of  the  source  of  carbon  employed 
( succinate) . 

In  the  case  of  the  valine-resistant  strain,  isoleucir.e  still  replaces 
the  valine,  but  there  results  no  advantage  or  disadvantage  to  the  culture, 
the  bacteria  being  neither  sensible  to  valine  as  K  12G  Vila,  nor  requiring 
valine  as  .1  32 '-f .  ••e  arrive  then  at  a  single  explanation  of  the  valine- 

isoleucine  antagonism  in  4  12,  in  mutants  requiring  a.  coli  and  in  strains 
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which  arc  neither  sensible  nor  exacting.  The  common  phenomenon  is  competitive 
blockage  of  the  system  of  specifi -  concentration  responsible  for  concentration. 
Table  XIV  gives  a  resume  of  the  situation. 

Sffect  of  Weak  antagonistic  Concentrations  on  Exacting  kutanto. 

■..’ith  numerous  mutants,  if  non-optiml  concentrations  of  the  amino  acid 
factor  of  growth  are  used,  it  is  frequently  observed  that  the  addition  of 
certain  other  amino  acido,  in  particular  those  having  a  structural  relation 
with  the  factor  of  growth,  are  translated  by  a  final  yield  higher  in  bacteria 
(sparing  effect). 

In  the  particular  case  which  interests  us,  one  notes  an  effect  of 
sparing  of  isoleucine  ana  leucine  on  the  growth  of  mutant  M  32 of  which 
exacts  L-valine:  for  a  concentration  of  L-valine  5x  10  ^  ar.d  a  concentration 
of  isoleucir.e  x,  5  x  10  one  obtains,  after  13  hours  of  growth,  a  final 
yield  in  bacteria  higher  than  that  obtained  with  a  concentration  of  10 
of  valine  along  (table  XV).  Compare  this  result  wish  the  effect  of  weak 
concentrations  of  L-isoleucine  which  increase  the  quantity  of  I.-valine 
concentrated  specifically  and  reversibly  (table  V),  '..'e  cannot,  for  the  time 

being,  provide  any  interpretation  of  this  phenomenon.  But  one  sees  here 
again,  the  parallelism  between  the  effects  of  isoleucine  in  growth  and  ios 
effects  observed  on  the  system  of  specific  concentration  is  entire  and 
continued  in  certain  peculiarly'  characteristic  details. 

Atter.’.rrsed  explanation  of  Behavior  of  Peptides  in  mutants  of  K.  coli. 
Hirsch  ana  Cohen  (6)  have  seated  tnau  if  one  grew  strain  XL  323c,  exacting 
leucine,  in  presence  of  peptides  containing  leucine  (glycyi-_-leucine 
or  L-leucyl-«lycine),  the  growth  bcca...e  insensible  to  L-v-line  and  so  L- 
i  so  lev  sine.  These  results  have  been  extended  to  ILL  32bf,  exacting  L-vdine. 

In  this  organism  the  growth  is  competitively  inhibit  d  by  L-leucir.e  or 
L-isoleucine.  By  contrast,  the  growth  of  peptides  containing  L-vuline  is 


is  not  affected  by  these  inhibitors  (table  XVI). 

..'e  have  for  the  present  proposed  as  possible  interpretation  that  the 
inidbitors  prevent  peptide  synthesis,  but  that  if  a  peptide  wore  furnished 
preformed,  the  other  peptides  to  a  valine  could  be  snyxnesised  by  truns- 
peptidation.  The  results  which  are  discussed  above  show  that  inhibition  of 
growth  of  exacting  mutants  is  due  to  a  competition  for  the  system  of  con¬ 
centration.  The  peptides  escapo  this  competition,  which  conforms  to  results 
indicating  that  they  themselves  nave  no  affinity  for  tne  system  in  question 
(table  VII).  -at  this  leaves  unanswered  the  question  of  1  mowing  by  what 
way  they  are  engaged  in  the  metabolism  of  protein  synthesis. 

Discussion 

..'e  hav3  just  shown  that  the  cellules  of  b.  coli  are  capable  of  actively 
accumulating  external  valine,  methionine,  tyro sine  and  phenyialardne.  It  is 
entirely  possible  to  think  that  this  phenomenon  is  produced  by  all  natural 
amino  acids,  as  balance,  the  internal  concentration  can  attain  several 
hundred  times  the  external  concentration,  dur  results  sh. v  that  this  pheno¬ 
menon  of  intracellular  concentration  is  reversible  (experiments  in  balance 
ar.d  deplacement),  that  it  is  linked  to  the  energetic  metabolism  (experiments 
at  0°C  and  at  37°d,  inhibitions  by  nitrate  and  by  dinit ro phenol) ;  that  it 
is  highly  specific  (competitive  deplacement  by  analogous  composites  only) 
and  that  there  must  exist  some  mechanism  or  system  of  distinct  concentration 
for  each  aedno  acid  or  type  of  amino  acid. 

The  kinetic  and  specific  properties  of  the  system  of  concent. .1  ion 
of  valine  lead  to  envisaging  two  types  of  different  moaels  to  take  account  of  t 
phenomena . 

a)  Stoichiometri cal  scheme.  —  The  valine  would  oo  reversibly  fixed  in 
stoichioratrical  proportion  on  specific  acceptors  for  wmen  isoicucine  would 
have  equal  affinity,  thus 


Valine  /  S  -  Valine  —  S 


b)  Catalytic  schema,  —  In  this  hypothesis,  a  specific  system  woulu  catalyse 
the  passage  of  external  valine  across  the  osmot  cellular  barrier, 
accumulated  valine  would  be  liberated  by  a  process  which  would  not 
interrupt  the  system  in  question  and  whose  velocity  would  be  proportional 
to  the  quantity  of  internal  valine. 
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in  these  conditions,  the  internal  concentration  of  valine  to  the  balance, 
is  proportional  to  the  activity  of  valine-permease.  The  addition  of 
isoleucine  would  inhibit  competitively  the  permease  and  Valine  already 
concentrated  (and  not  fixed)  would  be  transformed  into  external  valine 
(which  la  to  say  expulaed)  under  the  action  of  , 


The  two  schemes  proposed  explain  all  tho  phenomena  of  saturation  and 
competitive  deplacemcnt .  hone  of  the  kinetic  results  permit  choosing  one 
hypothesis  over  the  other.  From  other  considerations  we  are  led  to  prefer 
the  catalytic  system,  tut  before  accepting  them,  lee  us  show  that  other 
models,  a  priori  similar,  cannot  be  retained. 

c)  i  first  possibility  would  be  a  catalytic  mechanism  or  the  reversibility 
would  be  assured  by  the  permease: 


Permease 
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It  is  evident  that  such  a  scheme  takes  no  accoujit  of  eithor  the 
competitive  deplacement  (the  addition  of  isoleucine  should  stabilize  the 
system  at  the  state  of  balance  attained  at  the  moment  of  this  addition) 
or  of  saturation. 

If  one  completes  this  model  thus 
d)  Permease 

Valine  /  S - ^ 

^ -  .Valine  —  £ 

permease  being  specific  ar.d  b  an  acceptor  non  specific,  saturation  is 
explained,  but  not  the  competitive  specific  depls .ament .  If  S  is  specific, 
one  returns  to  the  stoichiometrical  scheme  complicated  by  a  permease. 

In  summary,  we  find  ourselves  in  the  presence  of  two  acceptable  models, 
the  one  stoichiometrical  (a),  the  other  catalytic  (b). 

In  the  system  of  reversible  intracellular  concentration  of  3-j-galactosides 
and  in  that  which  we  are  discussing  at  present,  we  have  first  of  all  considered 
a  scheme  of  the  stoichiometrical  type.  (13,14).  In  later  experiments  (15,16) 
we  have  been  led  to  the  conclusion  that,  in  the  case  of  the  system  of 
5-gulactosides,  the  stoichiometrical  scheme  should  be  rejected.  The  very 
rigid  analogy  between  properties  of  the  system  of  concentration  of 
b-galactosides  and  systems  of  amino  acid  concentration  suggest  looking  for  • 
the  interpretation  of  the  latter  preferably  'ey  the  catalytic  scheme.  In  order 
to  consider  only  results  concerning  amino  acids,  it  is  necessary  also  that  the 
admitted  schema  explain  in  simple  fashion  th.  interactions  between  amino  acids 
in  different  strains  of  3.  coli.  The  catalytic  monel  permits  giving  an 
explanation  of  these  in  erections  which  is  satisfying  except  in  certain 
particularly  characteristic  details:  in  particular,  it  tuk..;  account,  pursuant 
to  a  remarkable  parallelism,  of  all  phenomena  of  competitive  inhibition  observed 
in  coli  under  the  influence  of  valine,  leucine  ana  exogcncous  isoleucine. 
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except,  with  the  ah'  of  arbitrary  supplementary  hypotheses j  in  particular, 
it  does  not  explain  how,  in  a.  coli  M,  wild  type,  exogenous  isolevcino 
which  does  not  affoct  the  rate  of  growth  and  metabolise,  controls  the  quantity 
of  oxogeneous  valine  incorporated  in  the  proteins,  without  admitting  that 
synthesized  endogenous  valine  at  the  beginning  of  succinate  does  not  pu3S 
through  the  specific  sites. 

This  scheme  is  considered  as  preliminary.  The  general  affect  of  tho 
properties  of  the  system  of  concentration,  in  particular  the  nature  of  tho 
reactions  of  permease  and  A  is  not  cleared,  and  it  is  voluntarily  that 
we  refrain  from  representing  the  catalytic  scheme  (b)  in  a  more  precise 
fashion.  Particularly,  in  the  simple  scheme  which  we  have  proposed,  we  have 
not  attempted  to  take  account  of  the  mechanism  of  energetic  coupling,  on  a  level 
with  which  inhibition  by  dinitrophenol  and  nitrate  doubtless  takes  place. 

How,  one  will  have  noted  th.t  the  addition  of  nitrate  to  bacteria  having  already 
concentrated  valine  is  shown  by  a  very  slow  lo3s,  since  deplaccnent  by  an 
analog  is  extremely  rapid.  It  seems  then  that  metabolic  inhibitors  interfere 
not  only  with  the  reaction  of  entrance,  but  equally  with  the  reaction  of 
exit  Zi  « 

It  would  appear  very  likely  that  the  specific  catalytic  systems  of  which 
vre  have  demonstrated  the  existence  are  constituted  essentially  of  specific 
proteins,  perhaps  proteins  of  the  cellular  membrane.  Lnly  a  reasonable 
hypothesis  is  concerned,  but,  we  recall  that  in  the  case  of  galactoside- 
permease,  this  system  is  inductible  in  conditions  identical  to  those  which 
permit  induction  of  5-galacto sides  itself  and  that  the  formation  of  the  system 
is  inhibited  by  Chloromycetin,  he  have  obtained  analogous  results,  so  far  as 
formation  of  methionine-permease  is  concerned,  which  for  reasons  which  we  will 
explain  elsewhere,  lend  themselves  to  this  type ' of  experiment.  Tnora  is  thus 
no  doubt  that  the  activity  of  gala ctoside-par mease  and,  by  extension,  of 
amine  acia-pcrmeases,  is  not  connected  with  the  presence  of  specific  proteins. 


Works  now  classics,  of  Gala  (1)  and  those  of  H&lvorson  and  Bpiegeliaan 
(2)  hava  shov.T.  that  there  is  an  accumulation  of  certain  aid.no  acids  in 
staphylococci  and  in  yeasts,  and  that  this  accumulation  is  United  with 
utilisation  of  metabolic  *10 rgy.  In  these  cases,  however,  intervention  of 
specific  catalytic  systems  ha3  not  been  sought. 

It  is  known  that  very  frequently  phenomena  of  selective  permeability 
have  been  supposed  to  explain  certain  contradictions  or  difficulties  in  the 
interpretation  of  activity  of  .metabolic  substrates.  Barrett,  Larson  and 
Kallio  (17),  Kogut  and  PodovskL  (13),  Green  and  Davis  (19)  have  analyzed 
such  a  phenomena  in  the  case  of  citrate  in  Pseudomonas  fluorescens  and 
acrobacter  aerogenes.  It  is  a  question  there  of  induced  biosynthesis  of 
a  s -stem  permitting  accession  of  citrate  to  enzymes  of  the  Krebs  cycle. 
However,  in  this  case,  there  seems  to  be  no  accumulation  of  intracellular 
citrate  and  it  is  not  possible  to  show  as  direct  evidence  the  reaction  of 
transfer.  Let  us  note  in  conclusion,  that  Britten,  Roberts  and  French  (23) 
using  techniques  very  different  from  ours,  have  independently  given  evidence 
of  the  phenomenon  of  specific  concentration  of  amino  acids  in  d.  coli.  They 
propose  an  interpretation  of  die  stoichiometrical  type,  akin  to  that 
of  our  earlier  communication  (14),  an  interpretation  which  we  have  now 
abandoned. 

Very  recently,  liathieson  and  Gatcheside  (22)  tavo  described,  in 
Heurospora  crassa,  a  non-revcrsible  concentration  of  histidine  which  seems 
to  be  inhibited  by  a  whole  series  of  amino  acids.  This  system  oould  be 
analogous  to  that  of  b.  cola,  but  with  much  less  restricted  specificity. 

The  transfer  of  different  amino  acids  of  series  L  (but  not  of  series  D) 
across  rat  intestine,  r»s  been  described  by  Agar,  hir_  bidr.u  (21).  This 
transfer  is  inhititoc  by  2-4  dinitrophenol  ana  cyanide.  It  is  a  cu  at. on  of 
a  phenomenon  not  directly  comparable  to  that  which  .-.’e  nave  studied  since  tne 
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transfer  in  question  takes  place  in  extra-cellular  space  toward  another  extra¬ 
cellular  space,  across  a  tissue.  But  it  is  interesting  to  note  that  by  reason 
of  its  rover sibility,a  mechanism  such  as  wo  have  described  in  a.  coli  could 
talco  equal  account  of  a  transfer  across  a  csno-pluri cellular  layer.  It  could 
also  take  account  of  a  transfer  in  connection  with  a  drop  in  temperature  of 
concentration  or  activity,  with  the  only  condition  that  tho  parr.', case 
unequally  distributed  on  the  two  surfaces  of  tho  cellular  layer. 

The  advantage  of  a  study  of  systems  of  intracellular  concentration 
existing  in  K.  coli  for  a.uino  acids  (li)  and  this  work)  and  for  3-i)-galuctosidcs 
(13,  li,  l6)(and  really  for  all  glucides)  resides  in  their  reversibility  and 
in  their  specificity.  Their  nearly  simultaneous  uisccvory  suggested  that 
systems  of  this  kind  are  of  great  generality  and  an  important  capital  in 
the  physiology  of  microorganisms,  if  not  of  other  cellules. 

..'e  have  to  thank  I*.  Jacques  Honod  with  whom  we  '..uve  hau  numerous  fruitful 
discussions  and  liile.  Karcelle  Lannes  for  te  clinical  assistance. 


Resume 

There  exists  in  Escherichia  coli  a  series  of  specific  systems 
responsible  far  a  reversible  concentration  of  exogenous  amino  acads,  whn.cn 
precedes  their  incorcoration  into  proteins.  The  properties  of  these  systems 
explain  a  number  of  growth  inhibitions  and  interactions  between  a.dno  acids. 
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Fig.  1.  —  proportionality  between  tf.o  cu-noity  of  b  .cteria 

and  the  quantity  of  concentr_tca  r^dio  .ccive  L-valinc. 
2.  coli  K  12  3. 


rij.  2.  —  effect,  of  external  concentration  of  valine  or. 

specific  reversible  concentration.  ^  coil  ..  i~  ->. 

graphic  not  reproducible 


Table  III.  —  Effect  of  the  absence  oi  a  source 
of  energy  and  of  the  addition  of  inhibiting  agents  of  phosphorylations 
on  the  specific  concentration  of  L-vuiine. 


E,  coli  K  12  S.  Concentration  of  radioactive  DL-valine  indicated 
for  each  experiment,  In  experiment  1,  the  bacteria  are  centrifuged, 
washed  twice  with  a  radium  without  succinate  and  uivicea  into  2  flasks,  one 
containing  succinate  to  0,25  p.  100,  the  other  containing  no  source  of  carbo: 
The  two  cultures  are  agitated  for  thirty  minutes  (to  extract  the  reserves 
of  bacteria  in  the  medium  without  succinate)  having  the  addition  of  valine. 
Experiments  I  ana  III  were  made  in  tie  presence  of  5-l‘T5.10-‘+E,  experiment 
II  without  5----T. 


bblo  IV 


Replacement  of  valine  previous, 
b.coli  K  12  i  by  other  a./ino  a 


concentrated  by 


Table  V 


Competitive  character  or  deplaccuent  of 
radioactive  a-valino  by  L-iso leucine  and  by 
i)L-nor  leucine 


'.coll  a  12  6.U.  oacteria/.ul  of  culture 
.6  U£  (exp  II; 


Table  IX.  —  Absence  of  effect  of  chloramphenicol  on  specific 
concentration  of  radioactive  valine 
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1.  coli  X  12  3.  0  ill  or  urr.p  h  en  1  co  1  is  utilizeu  to  a  concentration  of 
40  ug/nl  ana  is  left  five  i.dnuoes  in  contact  with  the  culture  before 
addition  of  valine.  Thu  specific  reversible  concentration  is  , measured 
as  usual,  after  a  minus o  at  37  0.  The  tv.o  cultures  are  left  in  presence 
of  radioactive  valine  to  verify  the  absence  of  protein  synthesis  of 
chloramphenicol.  Lxperiiscnt  without  5-1-3. 

Initial  bacteria:  lb  ug  N/al. 
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Table  X.  —  Specificity  of  deplacer.ent  of  L-nhenylulanine 
previously  concentrated. 
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•'.coli,  mutant  v *li no  resistu..t  -of  £  12.  I;  bacteria:  19, S  u$  rr.l 
L-pr.enylalanine  radioactive  5*10  '''■••  Specific  activity:  122.700. 

.rcpul se  s-rnir.ut  a/  mole  .  Sane  experimental  conditions  -s  for  v  dine, 

iliac  of  contact  of  phenylalanine  ar.d  inhibitor:  one  rainute. 


Tabla  hi.  Specificity  of  deplacemant  of 
L-Metliionine  previously  concentrated. 
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K  12a,  K.  bacteria:  27  ug/ml.  BL-methioniye 
Specific  activity:  390.000  inp./un'nole  °. 
cental  conditions  as  for  valine  and  phenylalanine 
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Table  XII.  —  Competitive  inhibition  by  i^valine  of 
growth  of  mutant  o?  X.  coli  h  97-21,  requiring  a-isoleucine 


(#)  defined  as  the  relative  inhibitor/ factor  of  growth  totalling 
suppressing  growth. 

For  the  conditions  of  this  experiment  and  of  those  described  in 
Table  XIII,  XV  and  XVI,  see  Hirsch  ar.u  Cohen  (6) 
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Tabic  XVI.  —  Comparative  sensibilities  or  growtn  or 
on  L-valine  or  on  peptides  containing  L-Valir.e  and  l-isoleucine. 


»tasHtsriaiwsr-  t-s*  kscLssts-. 


The  concentrations  or  pep  tides  are  given  ir.  L.  V.Tien  the  peptides 
nvtain  more  amino  acid  optically  active,  the  concentration  is  that  of 
romere  1-1  in  .-raking  the  hypothesis  tr_t  the  isomeres  l-o,  1-1,  T-L  are 
.thout  action  on  growth.  Issentiaiiy  identical  results  -re  obtained  with 
-leucine  as  antagonist  instead  of  L-isoleucine. 


